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Abstract 
Despite its fundamental role in centrosome biology, procentriole formation both in the 
canonical and in the de novo replication pathways remains poorly understood, and the 
molecular components that are involved in human cells are not well established. We found 
that one of the tubulin cofactors, TBCD, is localized at centrosomes and the midbody, 
and is required for spindle organization, cell abscission, centriole formation, and 
ciliogenesis. Thus, we have established a molecular link between the centriole and the 
midbody, demonstrating that this cofactor is also necessary for microtubule retraction 
during cell abscission. TBCD is the first centriolar protein identified that plays a role in 
the assembly of both “centriolar rosettes” during early ciliogenesis, and at the procentriole 
budding site by S/G2, a discovery that directly implicates tubulin cofactors in the cell 
division, cell migration, and cell signaling research fields. 
 
TEXT 
Microtubules are alternating αβ-tubulin polymers where each α-tubulin subunit interacts 
with two β-tubulin molecules along the protofilament and two other α-tubulins at either 
side, forming the αβ-tubulin heterodimer and actual microtubule subunit of the polymer.1 
In this way, the acquisition of the quaternary structure by tubulins is an intricate process 
where a huge number of protein–protein interactions have to be precisely controlled in 
order to direct one molecule of α-tubulin to bind a single β-tubulin subunit in the 
correct position. 
 
The discovery of the so-called “postchaperonin tubulin folding pathway”,2 and the 
subsequent identification of the tubulin cofactors involved in this process, have driven 
much of the effort in the study of the implications of these proteins in the 
folding/dimerization pathway.3-6 However, more recent results have shown that tubulin 
cofactors also participate in the proteostasis of the tubulin dimer through their intrinsic 
ability to dissociate α- from β-tubulin. Given that the tubulin dissociation constant is 
close to 10–11M,7 it is quite reasonable to postulate that these proteins must also be 
required in tubulin proteostasis.8 Moreover, their ability to dissociate the tubulin 
heterodimer in a controlled way is a mechanism that certain types of cells exploit to 
regulate key cytoskeletal processes, such as controlling their microtubule densities in 
macrophages9 or the trimming of the distal microtubule tips at the axonal growth cone 
terminal in neurons.10 
 
Regarding the possible roles of tubulin cofactors at the centrosome, it seems reasonable 
to assume that tubulin cofactors must operate there as a machinery to associate or dissociate 
tubulin for microtubule polymerization or depolymerization, because microtubule organizing 
centers (MTOCs), and in particular the centrosome, accumulate αβ-tubulin polypeptides 
for microtubule nucleation.11 Although our work demonstrates that TBCD is a centriolar 
protein implicated in the actual process of centriologenesis that concentrates around the 
proximal end of the mother centriole during centriole biogenesis and during the cell cycle, 
we also found that TBCD is implicated in the assembly and maintenance of the bipolar 
mitotic spindle, such as for many centriolar–centrosomal proteins. Furthermore, TBCD 
localizes at the Fleming bodies during the final steps of telophase where it participates 
in microtubule retraction during cytokinesis and cell abscission.12 Summarizing, these 
results make it obvious how tubulin cofactors, and in particular TBCD, being key 
participants in cell division cytoskeletal reorganization, are more than tubulin folding 
proteins. 
 
Centriologenesis also occurs in other systems such as in multiciliated cells where masses 
of centrioles are assembled during their differentiation process.13-14 While the canonical 
centriole duplication occurs once per cycle and it is tightly controlled and coordinated 
with chromosomal duplication events, in these cells centriolar amplification is achieved 
by a mechanism whereby several daughter centrioles are simultaneously nucleated from 
a mother centriole, or alternatively noncentriolar structures named “deuterosomes.”15 
Our work also investigates the implication of TBCD in this process by developing a 
new system model that allows the study of cilial development in primary cultures from 
mammalian ependymal cells. As anticipated from the data indicated above, we show that 
TBCD also participates in basal body assembly in differentiating ciliated cells where 
there is a recruitment of this cofactor into round structures, of approximately 0.3 μm in 
diameter surrounding a γ-tubulin central spot, which are called “centriolar rosettes.” 
These highly organized structures (Figure 1) have so far only been described under 
physiological conditions by qualitative electron microscopy, and have seldom been observed 
when the SAK/PLK4 kinase is overexpressed, or in cells artificially arrested at the S phase.16 
Thus to date, TBCD is the first ever reported protein to be recruited in these procentriolar 
formations.17 Further biochemical studies will shed light on the mechanisms underlying 
the way this tubulin cofactor is recruited during procentriolar assembly in differentiating 
multiciliated cells. Furthermore, preliminary studies on flagellated cells have also shown 
that TBCD is detectable at the base of the mammalian spermatozoa flagellum (Figure 1), 
thus providing further evidence of the role of TBCD in flagellogenesis where, as is the 
case of cilia, highly sophisticated microtubules are also assembled and maintained. The 
question to answer now is what TBCD does at the centriole and basal bodies. Although 
the mechanisms involved in centriolar and ciliary assembly are still obscure, it is certain 
that centriologenesis and ciliogenesis (or flagellogenesis) require, above all, a great amount 
of tubulin supply and tubulin processing, and these two events are directly associated 
with the tubulin cofactors. 
 
In view of the fact that cilia and flagella are ancient evolutionarily conserved organelles 
whose importance has been increasingly recognized during this decade, findings describing 
key processes involved in their assembly, disassembly, and maintenance, as well as their 
biological roles are crucial to understand the broad series of pathologies caused by defects 
in cilia termed “ciliopathies.”18 Ciliopathies result in a plethora of defective biological 
processes including alterations in the movement of fluids, cell locomotion, sexual 
reproductive roles, left–right axis pattern formation, neural patterning, cerebrospinal 
fluid flow, mucociliary clearance, and, more recently, in cellular signaling and cell 
environmental sensing. These ciliary implications have opened up an enormous biomedical 
research field aimed at understanding a wide range of human disorders where cilia and 
flagella are directly and indirectly implicated: from infertility, to more complex syndromes 
including Bardet–Biedl syndrome, Alstrom syndrome, Meckel–Gruber syndrome, retinal 
degeneration, polycystic kidney diseases, and neural tube defects. However, not uniquely, 
because cilia have receptors for signaling molecules including Sonic hedgehog and 
platelet-derived growth factor (Shh and PDGF),19-20 suggesting that the frequent 
deregulation of these pathways during cell transformation, together with the common 
disappearance of cilia in transformed cells, raises the possibility that defective ciliary 
signaling may promote cancer.21 
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Figure Legend 
 
Figure 1 
A: Typical cell in G0/G1 exhibiting a primary, also known as a solitary, cilium. (1) 
These structures,22-24 which typically label with antibodies recognizing glutamylated 
tubulin (red), arise from a basal body that, as this image shows, contains abundant 
TBCD (in green). 
B: Cells, both undergoing mitosis and differentiating into multiciliated cells, must 
amplify their centriolar numbers. 
C: Cells differentiating into multiciliated cells (such as ependymal cells) disassemble 
their primary cilium prior to undergoing massive procentriole assembly. This 
phenomenon is achieved by a mechanism whereby several daughter procentrioles 
containing abundant TBCD (2, green) are simultaneously nucleated from a mother 
centriole containing γ-tubulin (2, in red). 
D: Assembled centrioles next migrate to the apical cell surface where they become basal 
bodies of cilia (3). As is the case for a primary cilium, a single TBCD structure (green) 
is also situated at the base of each motile cilium. 
E: TBCD is also localized at the centrioles of the base of the flagellum in human 
spermatozoa (4). 
 
 
 
 
